selected for simulating diffraction fields since the geometry of the plate and the ECCD array is symmetrical.
We investigate the possibility to reduce sidelobes of the ECCD array by mounting a finite reflected plate below the array. It is well known that dipoles with infinite ground plane can achieve the maximum gain if the height of dipoles over the ground is 0.25 wavelength. Extensive calculations in this paper have indicated that a finite reflected plate with an appropriate size can also achieve the same effects for increasing gain and reducing sidelobes as an infinite plate. It has been observed from Fig. 5 that the height of 0.25 wavelengths actually achieves a greatly reduced sidelobes as well as the maximum gain. This is because the diffraction by finite edges of the plate is quite small, compared to reflection from the surface of plate. The total scattering field over the above half-space of a finite plate is almost equal to the sum of two parts, one is from the direct radiation of antennas and the other from full reflection due to the ground plate. The above results are just desired for some radars to increase gain and to block ground clutter signals.
Based on the above simulations, we adopt a 22 by 24 planar ECCD array to the LTR shown in Fig. 6 . The LTR is a 1.36-GHz pulse-modulated monostatic Doppler radar with an active phased array system, where the antennas consists of two rectangular arrays, they are perpendicularly superimposed corresponding to two linear polarization. The configuration of each array is the same as that mentioned in Section III. The nominal peak power is 2 kW (the maximum average power is 400 W), which is produced by 24 solid state power amplifiers (transmitter modules). The LTR has been successfully operated at the Shigaraki MU radar observatory of Kyoto University for the lower atmosphere observation.
V. CONCLUSION
An efficient analysis procedure is presented for exactly modeling the far field of ECCD element. One of its advantages is that one need not handle infinite integrals raised [1] for the process is based on Pocklington type of formulation that only involves closed form of Green's functions in free space. This allows the proposed analysis process in this paper to be easily applied to various ECCD elements with different lengths and radii of circular pipe. Owing to its advantages of simply constructed and clear physical meanings, the procedure in this paper, compared to available methods from other literatures, can also be more easily applied in engineering.
The equivalent model derived from the analysis for the ECCD element can result in the simplification for the computation of the radiation pattern of the ECCD under some special conditions, and therefore can increase computation efficiency.
It is fully novel configuration in the ECCD application to mount a large ECCD planar array over a finite metallic reflected plate with a suitable height so as to achieve reduced radiation sidelobes of array antenna. The uniform physical theory of diffraction, being hybrid with the proposed method for the ECCD element, has handled successfully the scattered far field of this system, the proposed height for ECCD array antenna over the plate is practical useful.
The proposed ECCD array configuration in the LTR is only a start for ECCD array application. Authors believe that the related configuration can also be expected to application in other fields, such as based station antennas for wireless communications.
Radar Cross Section of Stacked Circular Microstrip
Patches on Anisotropic and Chiral Substrates 
I. INTRODUCTION
Although the standard configuration for a microstrip antenna involves one single conductor patch, two stacked conductor patches are sometimes employed for obtaining either dual-frequency operation [1] or increased bandwidth operation [1] , [2] . Concerning the topic of scattering from microstrip antennas, we should say that as the radar cross section (RCS) of military platforms is reduced by geometrical shaping and the use of composite radar absorbing materials, the scattering from the antennas mounted on such structures may give the most important contribution to the overall RCS. Bearing in mind that microstrip antennas are very suitable for use on aircraft vehicles owing to their light weight and conformability, different results were published in the past for the RCS of single microstrip antennas both on conventional isotropic dielectric substrates [3] and nonconventional substrates with dielectric and magnetic anisotropy [4] , [5] . The feeding and radiation properties of microstrip antennas fabricated on chiral substrates have also been analyzed in detail [6] , but the study of the scattering from this type of antennas is a topic which has not received much attention. In this paper the authors apply Galerkin's method in the Hankel transform domain (HTD) [7] , [8] to the determination of the RCS of unloaded stacked circular microstrip patch antennas fabricated on a two-layered substrate which may be made of a uniaxial anisotropic dielectric, a magnetized ferrite or a chiral material. Although the topic of the scattering from isolated microstrip patches has been extensively treated [3] - [5] , to the authors' knowledge, this is the first paper dealing with the determination of the RCS of stacked microstrip patches fabricated on complex materials. Fig. 1 shows the side and top views of two stacked circular microstrip patches of radii a1 and a2 placed above a ground plane. The revolution axis of the two circular patches is assumed to be the z axis of Fig. 1 . The circular metallic patches and the ground plane are assumed to be perfect electric conductors (PEC) of negligible thickness. The substrate is assumed to be made of two layers of the same material which infinitely extend along the x and y coordinates. The material of the two-layered substrate is chosen among three different possibilities: a uniaxial anisotropic dielectric, a normally biased ferrite and a chiral material. In case the substrate is a uniaxial anisotropic dielectric [4] , it will be assumed that its permeability is 0 and its permittivity tensor is of the form shown in [8, eq . (1)] (i.e, the elements of the permittivity tensor can be obtained in terms of transverse and axial relative permittivities t and z). In case the substrate is a magnetized ferrite, it will be assumed that the ferrite is magnetically saturated, and that the bias magnetic field of the ferrite is directed along the z axis of Fig. 1 . For that particular case, the permittivity of the ferrite material will be taken as 0 f and the permeability tensor will be taken as that shown in [8, eq. (2) ] (the elements of the permeability tensor can be obtained in terms of the gyromagnetic ratio = 1:759 1 10 11 C=Kg, the saturation magnetization of the ferrite material Ms, the internal bias magnetic field H0 and the linewidth 1H as explained in [9] ). Finally, if the substrate of Fig. 1 is a chiral material, this material will be assumed to be a Pasteur medium [10] with permittivity 0c, permeability 0c and dimensionless chiral parameter c . Inside this chiral material, the constitutive relations among the four vector quantities D, B, E, and H will be those shown in [8, eqs. (3) and (4)].
II. PROBLEM GEOMETRY

III. SOLUTION METHOD
Let us assume that a TEM plane wave travelling through the air incides on the stacked patches of Fig. 1 . The incident wave will be both reflected by the two-layered substrate and scattered by the two metallic circular patches. If the total tangential electric field on every patch (sum of the tangential electric fields of the incident wave, the reflected wave and the scattered wave) is obliged to be zero, a set of two electric field integral equations (EFIEs) for the induced current densities on the patches is obtained. In order to solve these two EFIEs, in the current paper the authors have expressed the unknown current densities on the 
IV. NUMERICAL RESULTS
In order to check the validity of the algorithm described in Section II, in Fig. 2 our numerical results for the RCS of stacked circular patches fabricated on a isotropic dielectric substrate are compared with the results obtained by means of the electromagnetic simulator "ensemble." Good agreement exists between the two sets of results. The resonant frequencies indicated by the arrows of Fig. 2 have been obtained by means of an extension of the method reported in [7] . Note that the resonances appear in pairs in accordance with the fact that the stacked patches represent a system of coupled resonators. The results of Fig. 2 for the RCS of stacked circular patches have not only been compared with the results supplied by "ensemble" but also with those obtained when the lower patch is absent. It can be seen that the results for the isolated upper patch match pretty well those obtained for the stacked patches, except in the neighborhood of the resonances related to the lower patch. These latter resonances present very large quality factors and can be identified as very large peaks in the RCS curves of the stacked patches.
In Fig. 3 results are plotted for the copolarized RCS component ms of stacked circular microstrip patches fabricated on an anisotropic dielectric substrate (pyrolitic boron nitride). The cross-polarized component ms is zero as it happens in the isotropic case (see Fig. 2 ). In Fig. 3 the results obtained for the RCS of patches on an anisotropic substrate are compared with the results that would be obtained if dielectric anisotropy were neglected. It can be checked that the differences between the anisotropic resonant peaks and the isotropic resonant peaks are around 7% in the case of resonances related to the upper patch, and around 2% in the case of resonances related to the lower patch, which indicates that the effect of anisotropy is more pronounced in the former resonances than in the latter resonances. Note that in Fig. 3 the differences between the shapes of the two RCS curves (including the level of the RCS peaks) become more relevant as the frequency increases (especially, beyond 11 GHz), which implies that the effect of anisotropy MMR is the acronym for the magnetostatic mode region.
on the RCS values of the stacked patches increases as the frequency increases.
In Fig. 4 (a) and (b) the authors present results for the RCS components ms and ms of stacked circular microstrip patches fabricated on a ferrite substrate. Note that as the ferrite is magnetized, there is a whole frequency interval 2:8 GHz < f < 3:4 GHz where the two components of the RCS stay below 055 dBsm. This is based on the fact that the stacked microstrip patches fabricated on magnetized ferrite substrate cannot resonate in the frequency band 0H0=2 < f < 0 H0(H0 + Ms)=2 (denoted as MMR in the figures) owing to the propagation of an infinite number of magnetostatic volume-wave modes along the conductor-backed ferrite slab supporting the two stacked patches (see Fig. 3 of [8]) . Thus, the results of Fig.4 (a) and (b) indicate that microstrip patches fabricated on ferrite substrates present a whole frequency band with very low values of RCS which can be tuned by adjusting the magnitude of the bias magnetic field H 0 .
In Fig. 5 (a) and (b) the results obtained for the RCS components ms and ms of stacked circular microstrip patches fabricated on chiral substrates are compared with the results obtained for the stacked patches when the chiral parameter is set to zero. Fig.5 (a) shows that the differences between the frequencies of the RCS peaks obtained in the chiral 
V. CONCLUSION
Galerkin's method in the HTD has been used for the numerical determination of the RCS of stacked circular microstrip patches fabricated on a two-layered substrate which may be made of a uniaxial anisotropic dielectric, a magnetized ferrite or a chiral material. Concerning the RCS values of patches fabricated on anisotropic dielectrics and chiral media, the results show that whereas substrate dielectric anisotropy has a more pronounced effect on the resonances related to the upper patch than on the resonances related to the lower patch, substrate chirality has just the opposite effect. In the case of stacked patches fabricated on ferrite substrates, the results obtained show that substantial RCS reduction can be achieved in a whole frequency band, and that this frequency band can be adjusted by varying the bias magnetic field of the ferrite substrates.
